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Abstract 
The measurement of power and current is very important to study discharge characteristics of dielectric barrier discharge (DBD). 
In order to analyze the effect of measure elements on discharge characteristics of DBD, three different resistors and capacitors 
are used for measuring discharge current and power, respectively. The resistance values of the resistors are 5.1 ȍ, 15 ȍ and 56 ȍ. 
The capacitances of the capacitors are 2.2 nF, 22 nF and 150 nF. The experiments are carried out in a stainless mesh electrode 
DBD system. The discharge characteristics are obtained by using Lissajous figures and the discharge current. The results show 
that smaller capacitance and bigger resistance are suitable for obtaining the perfect lissajous and discharge current due to their 
improving the stability of DBD. 
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1. Introduction 
Recently, much attention has been paid to dielectric barrier discharge (DBD) due to its generation of non-
equilibrium plasma in an economic and reliable way. This has led to a number of important applications including 
industrial ozone generation, surface modification of polymers, plasma-chemical vapor deposition, pollution control, 
excitation of CO2 lasers, excimer lamps, and large-area flat plasma-display panels [1-2].  
The research of DBD mainly includes three aspects: the mechanism of discharge, the discharge characteristics 
and the applications. The discharge characteristics are an important aspect of DBD because it can distinguish the 
discharge mode and analyze the particle species of plasma. An electrical characteristic is used to study discharge 
voltage and current waveforms and discharge power. The power dissipated in plasma is generally calculated by 
Lissajous figure. Lissajous figure is composed of applied voltage and transported charge. The charge can be 
obtained by putting a capacitor in series with discharge gas distance. And the discharge current can be measured by 
using a resistor substituting the capacitor. Many researchers have investigated the electrical characteristics of DBD 
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with different resistor and capacitor. Zhang et al. [3] adopted a 50 ȍ resistor and a 1 ȝF capacitor to study the RC-
coupled atmospheric glow discharge in air. Wang et al. [4-6] using 5ȍ and10ȍ resistor and a 9.4 nF capacitor to 
measure discharge current and transported charge in atmospheric pressure air DBD. Wang et al. [7] investigated the 
influence of wire mesh electrodes on DBD using a 50 ȍ resistor and a 47.5 nF capacitor. Zhang et al. [8] used a 50 
ȍ resistance and a 16.4 nF capacitor to investigate large-area DBD in atmospheric nitrogen and air assisted by 
ultraviolet lamp. Laurentie et al. [9] measured the discharge current of surface DBD through a 100 ȍ resistor. 
Garamoon et al. [10] also using a 100 ȍ resistor to measure the discharge current of atmospheric pressure glow 
discharge plasma in air at frequency 50Hz. Gherardi et al. [11] using a 50 ȍ resistor to obtain the discharge current 
for analyzing the discharge mode transition in nitrogen gas. Bibinov et al. [12] measured the discharge current via a 
matched 50 ȍ resistor for studying gas temperature in He/N2 barrier discharges. Massines et al. [13] adopted a 50 ȍ 
resistor to measure discharge current in atmospheric pressure DBD glow discharge. Fang et al. [14-15] measured the 
discharge current and transported charge with a 50 ȍ resistor, 2nF and 100nF capacitors in surface modification of 
polytetrafluoroethylene (PTFE) and polypropylene (PP) film in air with different frequency power supply. But these 
researchers did not analyze the effect of different resistor and capacitor on discharge electrical characteristics and 
mention how to choose the appropriate resistors and capacitors. In this paper, the questions mentioned above were 
investigated by using a home-built DBD system with a stainless mesh electrode and polypropylene (PP). 
2.  Experimental set-up 
The experimental apparatus consists of a discharge chamber, power supply and measurement systems. The 
schematic diagram was shown in figure 1. The DBD reactor consists of a stainless steel mesh electrode (400#) of 30 
mm diameter, an aluminum block electrode of 50 mm thickness and 60 mm diameter and a PP dielectric of 0.5 mm 
thickness and 50 diameters. The air gap distance was set to 1.5 mm. The discharge was operated in open air under 
atmospheric pressure. The operating frequency of applied voltage varied according to the changes of load because 
the equivalent circuit of DBD can be described with a series-resonant circuit. And the power supply is working in a 
pulse width modulation (PWM) mode. The applied voltage across the electrodes, the current passing through the 
system and Lissajous figures were recorded using a digital phosphor oscilloscope (Tektronix TDS 5034B, 350MHz, 
5GS/s). The voltage across the two electrodes was measured using a high-voltage probe (Tektronix P6015A, 75MHz, 
1000:1). The current was measured by the voltage drop across the measurement resistance Rm connected in series 
with the discharge system to the ground as in figure 1. The transported charge was measured by placing a 
measurement capacitor (Cm) between the bottom electrode and the ground. The Lissajous figure can be 
obtained on the oscilloscope screen by plotting the applied voltage on the X-axis and the transported 
charge on the Y-axis.  
 
 
Figure 1. Schematic diagram of DBD experimental apparatus 
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3. Results and discussions  
3.1. Voltage and current waveforms  
The applied voltage and the current waveforms of the discharge were recorded on the oscilloscope for three 
different measurement resistances (5.1 ȍ, 15 ȍ and 56 ȍ) and were shown in figure 2.  
Figure 2 shows a typical oscillogram of the different voltages and the discharge current during about three cycles 
in the three different resistance cases. The current is characterized by a large number of current discharge pulses per 
half cycle. Generally, the discharge pulse currents are called micro-discharges. The micro-discharges appear when 
breakdown field strength of air is reached during the course of the applied sinusoidal high-voltage. The peak of each 
micro-discharge is different from each other in a cycle. In figure 2(a), the maximum peak of discharge current is 
about 2 A and occurs during the voltage decreases. The changes of micro-discharges in positive half cycle of the 
applied voltage are not the same as those in negative half cycle. The changes current in positive half cycle is much 
heavier than those in negative cycle. In figure 2(b), the maximum peak of discharge current is about 9.3 A. While as 
for Rm = 56 ȍ (see figure 2(c)), the maximum peak of discharge current is about 0.44 A. The micro-discharges are 
more homogeneous than those of 5.1 ȍ and 15 ȍ. It shows that the stability of the discharge using 56 ȍ measuring 
resistances is better than those using 5.1 ȍ and 15 ȍ resistance. This can be explained by the ballast resistance 




(a)Vp=5.28kV, Rm=5.1ȍ                                                                                       (b) Vp=5.68kV, Rm=15ȍ 
 
(c) Vp=5.44kV, Rm=56ȍ 
Figure 2. The voltage and current waveforms of different measurement resistance 
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the discharge load can be equivalent to a RLC oscillation circuit. R, L, and C are the equivalent circuit resistance, 
inductance and capacitance, respectively. When the discharge occurred, the air gap was broken down. And the load 
circuit capacitance was suddenly increased because the capacitance of dielectric is larger than that of air gap. It 
dramatically changed the load to form pulse current and high-frequency changing which affect the discharge 
stability. This caused the unstable discharge of DBD. The introduction of appropriate resistance can suppress the 
changing range of discharge current amplitude and enhance the stability of discharge. Such resistance is named 
ballast resistance. The discharge is much stable with larger ballast resistance in a certain range. Here, the measuring 
resistance plays a role as ballast resistance. So the discharge with 56 ȍ is more stable than those with 5.1 ȍ and 15 
ȍ. The ballast resistance has been applied to generate atmospheric pressure glow discharge [16-17]. This experiment 
just verified it again. 
3.2. Lissajous figures 
Lissajous figures of the discharge were recorded on the oscilloscope for three different measurement capacitances 
(2.2nF, 22nF and 150nF) and were presented in figure 3. 
In order to compute the energy put into the DBD, Lissajous figure is used. Lissajous figure can be obtained on 
the oscilloscope screen by plotting the applied voltage on the X-axis and the transported charge on the Y-axis. 
According to the researches of Rosenthal et al. [18], the perfect Lissajous figure of DBD is an idealized 
parallelogram. In fact, it is distortional parallelogram due to asymmetric electrodes, uneven discharge gap and  
    
(a) Cm=2.2nF                                                                                                                         (a) Cm=15nF 
 
(a) Cm=150nF 
Figure 3. Lissajous figures of different measurement capacitance 
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measuing elements, etc. Figure 3 shows the different Lissajous figures using three measuring capacitances. In the 
parallelogram, the top and bottom sides represent the stage of discharge off, and the right and left sides denote the 
stage of discharge on. The right and left sides is smooth for stable DBD discharge. From figure 3, we can see that 
the discharge sides using 2.2nF are smooth, and the discharge sides using 22nF and 150nF capacitance have many 
glitches. So the DBD discharge with 2.2nF is stable than those with 22nF and 150nF. The reason is that the effect of 
discharge load on instability of discharge is relieved with a minor measuring capacitance. Due to the measuring 
capacitance is in series connected with dielectric capacitance, the decrease of test capacitance is equal to increase the 
thickness of dielectric barrier and to reduce the value of barrier dielectric capacitance. The measuring capacitance is 
used to generate the reversed electric field fir preventing the increase in current. It can improve the stability of 
discharge which has been found by Naudl and his co-workers in their investigation of atmospheric pressure glow 
discharge in nitrogen [19]. In a word, the measuring elements affect the discharge stability by changing the electric 
field strength in air gas space and the drifting velocity of electrons in plasma. 
4. Conclusion 
  DBD is an important plasma sources to generate non-thermal plasma. Its discharge stability depends on many 
factors, such as barrier dielectrics, electrodes and measuring elements, etc. The experiments are carried out to 
analyze the effects of the measuring elements on discharge stability. The stability of DBD discharge is reflected in 
the amplitude changes of discharge currents and the discharge on sides of Lissajous figures. The experimental 
results show that larger measuring resistance and smaller measuring capacitance are better to increase the stability of 
DBD than small resistance and large capacitance. This is caused by changing the electric field strength and the 
drifting velocity of electrons in plasma. In order to obtain perfect discharge current waveforms and Lissajous figures, 
measuring elements of large resistance and small capacitance should be used for studying electrical characterization 
of DBD. 
Acknowledgements 
The work is partly supported by National Natural Science Foundation of China (No. 50477005) and Basic 
Research Foundation of Tsinghua University (No. JCpy2005053).  
References 
1. U. Kogelschatz, IEEE Trans. Plasma Sci. 30(2002)1400. 
2. C.Q. Wang and X.N. He, Appl.Surf. Sci. 253(2006)926. 
3. Y.T. Zhang, C.S. Ren, T.C. Ma, B. Qi, K. Wang, F. Liu and J.Wu, Plasma Sci. Technol. 8(2006)438. 
4. C.Q. Wang and X.N. He, Appl.Surf. Sci. 252(2006)834. 
5. C.Q. Wang and X.N. He, Surf. Coatings Technol. 201(2006) 3377. 
6. C.Q. Wang, G.X. Zhang and X.N. He, Appl. Surf. Sci. 256(2010)6047. 
7. X.X. Wang, H.Y. Luo, Z. Liang, T. Mao and R.L.Mae, Plasma Sources, Sci.Technol. 15(2006) 845. 
8. Y. Zhang, B. Gu, W.C. Wang, D.Z. Wang and X.W. Peng, Spectrochim. Acta, Part A 72(2009) 460.  
9. J.C. Laurentie, J. Jolibois and E. Moreau, J. Electrostatics, 67(2009)93. 
10. A.A. Garamoon and D.M. EI-zeer, Plasma Sources Sci.Technol. 18(2009) 045006. 
11. N. Gherardi, G. Gouda, E. Gat, A. Ricard and F. Massines, Plasma Sources Sci. Technol. 9(2000) 340. 
12. N.K .Bibinov, A.A. Fateev and K.Wiesemann, Plasma Sources Sci. Technol. 10(2001) 579. 
13. F. Massines, A. Rabehi, P. Decomps, R.B. Gadri, Ségur and C. Mayoux, J. Appl. Phys. 83(1998)2950. 
14. Z. Fang, Y. Qiu and Y.Luo, J. Phys. D: Appl. Phys. 36(2003)2980. 
15. Z. Fang, X. Xie, J. Li, H. Yang, Y. Qiu and E. Kuffel, J. Phys. D: Appl. Phys. 42(2009) 085204. 
16. D. Staack, B. Farouk1, A. Gutsol and A. Fridman, Plasma Sources Sci. Technol. 14 (2005)700. 
17. B.G. Salamovyz, S. Ellialtiogluy, B.G. Akinogluy, N.N. Lebedevax and L.G. Patriskiik, J. Phys. D: Appl. Phys. 29 (1996)628. 
18. L.A. Rosenthal and D.A.Davis, IEEE Trans.Industry Applications IA11(1975) 328. 
19. N. Naudée, J.P. Cambronne, N. Gherardi and F. Massines, J. Phys. D: Appl. Phys. 38 (2005)530. 
 
